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COMPLETE SPECIFICATION
A process for the catalytic hydrogenation of carbon monoxide

We, RHEINFREUSSEN  AKTIENGESELL-
scuarr FOR BERGBAU UND CHRMIE, 2

German Company of (22A) Homberg,
Niedeithein, Germany, do hereby deciare
the invention, for which we pray that a
patent may be granted to us, gnd the method
by which it is to be performed, (o be particu-
tarly described in and by the following
statemcnk: —

The invention relates to a process for
carrying out the hydrogenation of carbon
monoxide in the presence of 4 hydrogenation
caalyst of the 8th group of the periodic
systemm at elevated temperaturcs and, if
necessary, under high pressure.

The hydrogenation of carbon monaoxide
by means of clementary hydrogen in the
presence of a hydrogenation catalyst of the
gth group of the periodic system is well
known in the art. Recently, it has also
been proposed to add to the mixturs of
carbon monoxide and hydrogen rcactive
substances, such as olcfins, alcohols, alde-
hydes, kctones and acids, which reactive
subsiances arc then built up. dudng the
synthesis, into products of hirher molecular
weight. It is also known to.increase or
redoce the number of carbon atoms in the
molecules of hydrocarbons when the hydro-
genution of the carbon monoxide 1s casried
out with elementary hydrogen in the pre-
ence of the hydrocarbons. All of these

_syntheses consist in the hydrogenation of

carbon monoxide with elementary hydrogen
with il addition of reactive organic com-

ounds, the carbor monoxide hydrogen ratio
in the initial synthesis gas varying within

~ wide limits in accordance with the operating

conditions, with the typc of catalyst used
and with the pruducts desired.

Tu all of these processes if is mecessary
to use effective catalysis i order to obtain
a sufficiently strong activation of the hydro-
gen as well as an activation of the carbon

EPI" +r

mynoxide, and it Is essential for the activa-
tion uf these two starling materials to be so
adjnsted 1o each other (hat the synthesis
does not Tesull solely in the formation of
meihage as may, for example, occur with
excessive activation of the hydrogen, and
that an excessive separation of carbon, as
occurs with cxcessive activation of the
carbon monoxide, is avoided.

1t is also known to react acetylene, ofefins,
and substances with mobile or reactive
hydrogen- atoms, with carbon monoxide.
These reaclions, however, only occur in the
presence of metal carhonyls and metal
carbonyl hydrides. _

Furthermore, it is known to react water
cas and steam with olclindc compounds in
the presence of catalysts ul clevated tem-
perature.  and  under elevaled  pressure.
whereby oxygen-comaining organic Ccom-
pounds are obtained.

Tt has also been proposed o react olefinic
compounds with carbon monaoxide and
watcr at elevated temperature and under
elevated pressure in the presence of car-
bonyl-forming metals and for of compounds
of carbonyi-forming metals and hydrogena-
tion catalysts, whereby oxygen-containing
compounds, particularly —aldehydes  or
kerones, arc oblained.

According to the inventiom, it has now
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heen found that the elementary hydrogen .

required for the hydrogenation of the car-
bon monoxide in the prescnve of a hydro-
genation catalyst of the 8th group of ihe
periodic system and with the usc of an
aliphatic compound which contains 10
ynsaiurated carbon-carbon bonds and which
is reactive under the process conditions, may

be replaced in whole or in pait by steam.

The surprising feature is thal steam is
known to cxcri an extremely deleterions
cffert on the catalysis used in the hydso-
genation of carbon monoxide, because the
structure of he catalysts is changed, for
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cxample, by oxidation. The invention cop-
stitules a substantial advamces in the art
inasmuch as it is now no longer mecessary
io produce carbon monoxide-hydrogen mix-
tures in a complicated manmer, or 10 produce
the hydrogen by reacting the carhon
wmonogide with steam, it being now sufficient
io have carbon monoxide, or gases which
contain carbon monoxide, roact togeiher
with stcam on the saturated aliphatic com-
pounds, such as alcohols,  aldehydes,
hetones, bydrocarbons and gmines. fhe
sconomic  advanlage achieved by  this
advance in the art is obvieus, for it is
Tnown that it is far simpler and cheaper 1o
produce carbon monoxide, or gases contain-
jng carbon monoxide, such as gencrator gas
and blast-furnace gas, than to preparc mix-
tares of carbon monoxide and hydrogen.
It has also been found that in many cases
the teduction of carhon monoxide proceeds
nmch more readily by meuns of the process
of the. invention than when clementary
bydrogen is used, so that the processing of
gases poor in carbon monoxide is particus
Tarly facilituled.

When the calalyst is used in the form of
melal, or in quasi-metallic form, such as
a carbide or nitride, the partial pressure of
steamt in the varbon monoxide [gteam mix-
ture shomid not exceed one-half of the total
pressuce of that gas mixture. The process
according io the invention can also hc
carded out in such manser that for the
hydrogenation of the carbon monoxide only
part of the hydrogen hitherto used is
replaced by stedm.

When the aliphatic componnd employed
in the process according to the invention is
a saturated hydsocarbon, this is converted
jnto ene or more hydrocarbons of higher
molecular weight or is degraded to one or
more compouids of lower molecular weight,

The invention is illustrated by the follow-
ing examples:— :

EXAMPLE |
This cxample fllustrates the process of the
invention carried cut with the use of un
alcohot as the aliphatie compound.
A cobalt caialyst known in the OXO

- gynihesis and consisting of cobalt, THO.,

capper and kieselgnhr in the proportion 160:
18 3: 100 wus first reduced wilh
clecirolytic hydrogen for 4 hours at 400°C,
and af a space welocity of 500
methanol vapour was then added to a
carbuon  monoxide /steam nixfure contain-
ing 1 mol of steam per 3 mols of carbon
monoxida, this gas-vapour mixture being
passed over the cobait calelyst at & gauge
pressure of 100 atmospheres and at a tem-
perature. of 210°C.  Approximately 309% of
the methanol was converied during the re-
action. With 2 CQ-conversion of 909, the
convertcd methanol  appeured in  the

1 mol of -

synthesis product substantially in (he form
of ethyl alcohol, together with small quanti-
ties of methyl acciaie and ethyl acetate.

EXAMPLE 2

This example iflustratcs Lhe synthesis of
hydracarbons from & satnyated  aliphatic
hydrocarbon of lower colecular weight.

A carrierfree jron catalyst composed of
160 parls of IFe, .25 parts of Cu, 0.5 parts
of K.CQ, was precipitated from a mifrate
colution in known manner by means of a
solution of sodium carbonate, tie precipi-
ate heing impregnated with K.C3,. From
the dried catalysl thus obtained, a catalyst
suspension  was prepared, the suspension
medivm being a paradfinic hydrocarbon oil
boiling in the range 350"-450°C, the con-
centration of the suspension being such that
it coptained 104% of Fe.

For reduction of the catalyst, CO was
passed through the suspension. at 270°C
and at a gauge pressure of 3 atmosphcres
for a period of 20 hours at the rate of
1 normal litre of CG per gram of Fe per
hour.

After reduction, the catalysi was operated
in the Hquid phase at 260°C, and at u gauge
pressure of 20 atmospheres with a carbun
monoxide fsteam mixture containing 3 mols
of carbon monoxide per mol of steam, t¢
which - was added 10% by volume of
methane based on the carbon monoxide.
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The gas throughout was 1.6 normal litres

of carbon monexide per gram of Fe per
hour.

Under thesc conditions and with & CO-
conversion of 92%., approximately 40% of
the methane employed toek pant in the
Tesction. OF the methane converted, approXi-
mately 60%, was upgraded ie gihane, 30%
to propene and the remainder to a mixture
of ethylene, propylene, butylene and butanc.

EXAMPLE 3

This ecxample llustrates the degradation
of a saturaied aliphatic hydrocarbon to
hydroearbons of lower molecnlar weight.

A supported irum catalyst having the
following compesition:—100 pasts of Fe,
10 parts of Mg, 10 parts of Cu, 50 paris of
kieselguhr, and 0.5 parts of K.CO,. was
precipitaied from & nitrate solution in known
maner by meaus of a hot sodium ¢arhon-
ate solution followed by impregnation with
K.C0,, and reduced. f‘é; a period of 4%
hours at normal pressure and at 236°C. by
means of 2 hydrocarbon synthiesis gas of
the composition CO:H,=1:2. When a

carhon monoxide/steam mixture containing

3. mols of CO per mol of H.O was pussed:

aver this rcdoced catalyst at & gange pros-
sure of 20 atmospheres and at a temperatuis
of 270°C., and at a gas space velocily of
100 jitres of CO per litre of catalyst per
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Jmour, there wene obfained, witlt a CO-con-
version of 92% per normal cubic metre of
€O used: 170 grams ol products. having the

following composition 1 —
12 grams of metfiane
5 . ., ethane
10, .. ethylene
" 51, . propylene and butylene
{*“ gasol 7}
92 ,, . C, and higher hydrocai-

bens, including 0.5 prams

of pentane
When, under utherwise similar conditions.
pentane in an amount of 2.5% by volume
hasced: o the CO- used, was added to the
carbon monoxide/stcam nixture, therc were
obtained, with an equal CO conversion per
normal cubic metre of CO used, 248 grams of
products having the foliowing composition:—

34 grams of methanc

19 ,, .. ethane

18 . . elhylene

62 . . propylene and bulylepe
({l gasol '}"}

115 , . ©, and higher hydrocar-

hons. including 26.5 grams
of pentanc

Therefore, staiistically, 647% of the pentane
used were degraded to lower hydrocarbons,
predominantly 1o CH,.

EXAMPLE 4
synthesis with

This example illustrates the
the incorporation of an amine in the carbon
monoexide /steam mixture.

Flectrolytic hydrogen was first passed for
three hours at a space velocity of 1000 litres
of H, per litre of catalyst per hour over a
carrier-free Fe/Cu catalyst (100 parts of Fs,
10 parts of Cu. 0.5 parts of K.CO,) which
has been prepared in known Manner by
precipitation frem  a  nitraic solurion by
means of sodittm carbenate and subsequent
impregnation of the precipilate with K.CO,.
The catalyst wus then treated for three hours
with ammonia at 300°C. and at a space
velocity of 1000. In this maaner a catalyst
was obtained 50% of which consisted of a
nitride of the statistical formula Fe,..N.
When a carbeon menoxide/steam mixiurs
containing 3 volumes of CO per 1.2 volumes
of steam was passed, at a guuge pressure of
10 atmosphercs, at a temperature of 240°C.
and at a space velocily of 100 based on the
CO uscd, over this nitride catalyst, in ad-
mixture with methylamine in an amount of
10% by volume based on the CO used, there
was ohtained. with a (O conversion of 93%,
239 grams of a reactiop producl per normai
cubic metrs of CO used. This rouction
product contained :-—

12 grams of C, +C, hydroearbons

116 .. . C,and higher bydrocarbons

61 . . sceondary dirnethyiaminc

3 .. ., tertiary trimethylamine; and:

11 . . @& mixture of higher primazys.
secondary, and  terfiasy
amines.

EXAMPLE 5
This example illustrates the synthesis with
the wuse of an =2ldehyde with carbon
monoxide/ steam mixiure.
A cobalt catalyst of the composition
100 parts of cobalt, 13 pasts of thorium,
3 parts of magnesium, and 200 parts of

kieselguhr, was reduced with electrolytic.

LE

hydrogen at 450°C. under normal pressure
and al a gas space vclocity of 500 for a
period of [five hours. When a carbon
monoxide/steam  mixture  confaiming 3
volumes of €0O:1.25 volumes of steam and
with which 1 volume of acetaldehyde was
admixed, was passed over the reduced cata-
Iyst at 200°C. and under a gauge pressurc
of 110 atmospheras, €59 of the acetalde-
hvde took part in the reaction. With a
CO conversion of 20%. 309% of the con-
verted  acetaldehyde appeared as  ethyl
alcohol, 349, as ptopioraldchyde. 8% as
isopropyl alcohwl, and 19% as ethyl acetate
with smail amounts of s mixtwe of alde-
nydes, alcohels. ‘acids and csters of higher
molecular weight.

" EXAMPLE 6

This example illustratcs the use of a
ketone with the carbon monoxide/sieam
mixture.

Wlhen under otherwisc similar conditions
as those used in Example 5, 1 volume of
acetone was admized with the carbon
monoxide/stcam  mixture {1 volume of
acetope per 3 volumes of CO), 30% of the
acetonc look part in the reaction. With a
CO conversion of 91%. 489 of the com-
verted acetone was present in the reaction
products as secondary propyl alechel, 215
as buianone (methyl eihyl ketons), 15% us
secondary buiyl alechol, 11% as propyl
acetale and 5% in the form of a mibxture
of higher alcohels, ketones, acids and esiers
together with hydrocarbons,

Whul we claim is: —

1. In & process for the hydrogenaiion of
carhon monaxide carried out in the presence

of u hydrogenation catalyst of the 3th group-

of the periodic syslem at elevated tempera-
ture apd with the addition of an aliphatic
compound which contains no umsaturated
carbon-to-carhon hond and which is reactive
under the process conditions, the step which
comprises cifecting the hydrogenation with
a mixture of hydrogen and steam.

2. In 2 process for the hydrogenation of
carbon monoxide ecarried out in the pre-
sence of a hydrogenation catalyst of the 8th
eroup of ihe periodic system al elevated

65

70

75

8O

85

90

95

100

105

110

115

128



4 733,792

- e
temperature and wilh the addition of an catalyst is used in the form of metal, carbide,

aliphatic  compound which contains no  or nitide.

nnsaturated c_arhon-to-carbun hond  and 4. A process for the catalytic hydro-
vwhich is reactive under the process condi- genation of carhon monoxide, subsiantially
£ tioms. the step which comprises effecting the as hereinbefore described with reference 1o

hydrogenation wholly with steam. any one of the Examples.
3. A process according to Claim 1 or
Cleim 2, in wiich the partial pressure of the EDWARD EVANS & CO.
stcam i the carbon monoxide/stcam mix- ) 14-1% High Holborn, -
10 ture used does not excesd ome-half of the Tondon, W.C1,
pressurc of that gas moixture when the Agents for the Applicants.
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